In the present study, X-ray computed tomography was used as a non-destructive technique for volume estimation of two local pomegranate fruit cultivars and their components from Iran (Rabab Malas and Rabab Torsh) with two different sizes. Segmentation of internal components (peel, arils, and seeds) of the fruit was done using Matlab image processing toolbar. A high correlation was observed between extracted image features from computed tomography images and corresponding experimental measurements. The actual volume of whole fruit, peels, arils, seeds, and juice was estimated by computed tomography images nearly 97.8, 97.2, 95.1, 93.5, and 94.4%, respectively for Rabab Malas cultivar. Correspondingly, it was nearly 97. 3, 94.7, 94.4, 91.8, and 91.9% for Rabab Torsh. Analysis of linear regression indicated that computed tomography scan as a non-destructive method can suitably estimate the fruit volume and its internal components, and can be employed for in-line fruit quality-monitoring systems.
INTRODUCTION
Pomegranate fruit (Punica granatum L.) is almost one of the oldest fruits of the Punicaceae family. It is widely cultivated in many tropical and subtropical countries. [1] Pomegranate has a great role in the economy that made it unrivaled among the agricultural products. In addition, this product has attracted many consumers who are interested in a nutritious meal with great flavor. Pomegranate fruit is almost always consumed fresh or processed, and included in most parts of the world's economic markets. [2, 3] The edible part of the fruit is called aril and includes about 52% of the fruit weight and has 78% of juice and 22% of seed. The fruit juice contains large quantities of soluble solids, revival sugars, whole sugars, anthocyanins, phenolic compounds, ascorbic acid, and proteins. [4] New medical 441 MATERIALS AND METHODS
Sample Preparation
Two commercial pomegranate cultivars, viz. Rabab Malas (RM) and Rabab Torsh (RT) with two different sizes were selected from a pomegranate trees garden in Neiriz town, Fars province, Iran. To select the fruits size, three principal dimensions of fruit length (L), width (W), and height (H) was measured by a digital caliper with the accuracy of ± 0.01 mm. The geometric mean diameter (GM) of fruits was correspondingly calculated by following relation. [37] GM = (LWT) 1/3 (1)
Fruits with GMs within the range of 7% coefficient of variation were selected. Therefore, the final selected sizes were in the range of 65-75 mm (size 1) and 76-86 mm (size 2). For each cultivar and size, sample of 20 fruits were used for measurements with triplicates.
Determination of Biophysical Parameters of Pomegranate Fruits
The fruit weight was measured using a digital scale with ± 0.001 g accuracy. The fruit volume (FV) was calculated by the liquid displacement method. [37] For this purpose, toluene (C 7 H 8 ) was an appropriate liquid for the tests because of low absorption by the fruit and low surface tension. [38] The density of the fruits was obtained by the ratio of volume to weight. The arils were manually separated from the fruits, and then the weight, volume, and density of whole arils and peel per whole fruit were measured by same procedure as described above. The fruit juice content was extracted using a manual juice extractor and its volume was calculated using a graduated cylinder with the accuracy of ± 1 cc. Afterwards, the seeds were carefully cleaned and the weight, volume, and density of whole seeds were measured.
CT Scan Method
The CT images of pomegranate fruits were prepared using a CT scanner (GE VCT 64, Milwaukee, USA.) at the Taba Medical Imaging Center, Shiraz, Iran. The CT scanner includes an X-ray tube, the collimators, the turntable, and the multichannel detector installed in a shield chamber. A reconstruction unit together with a console table and a cathode ray tube was connected to the computer. A collimated X-ray beam is directed on the product and a detector, the response of which is transmitted to a computer, measures the attenuated remnant radiation. A computer analyzes the signal from the detector, reconstructs an image, and displays the image on the monitor. The standard unit for measuring X-ray absorption with CT systems is the Hounsfield unit or CT number. CT number is defined in Eq. 2:
where, μ s is the linear X-ray absorption coefficient of the sample (m −1 ), μ w is the linear X-ray absorption coefficient of water (m −1 ), and k is a constant equal to 1000. The CT number is based on linear X-ray absorption coefficients. [39] CT numbers use a normalization of zero for water and -1000 for air. The computer makes an image in gray scale based on these numbers as the pixels with higher CT number is approached to the white. The samples were scanned tandem in a row. Several images were taken from a fruit with the slice thickness of 0.625 mm and zero mm scan intervals. This thickness was the minimum achievable thickness used for the CT scanner. Taken images were saved in bmp format in 512 × 512 pixels size for analysis. For each cultivar and size, group of 20 fruits were scanned.
Image Analysis
The gray level of X-ray image pixels of an object is dependent on the density of the sample. For fruits, the gray levels encompass a wide range that includes the gray levels of internal components sites of the fruit. It is obvious that the internal components sites could not be extracted using traditional standard thresholding algorithm. Therefore, it is difficult to segment the internal components sites with global (single) threshold values and it is not useful for the follow-up image processing. Therefore, an adaptive segmentation algorithm based on the gray-level values frequency was applied to resolve this problem. The CT images were analyzed using Matlab image processing toolbox (version 8.1). The image processing techniques included (1) image separation to determine the whole surface, (2) removal of background pixels of the original image, (3) image segmentation of the internal structure of pomegranate fruit, and (4) feature extraction of each slice of the image (to determine the desired biophysical parameters) were used to quantify biophysical parameters of pomegranate fruits.
Image Separation
The image separation step was done for determination of whole surface area. The flow chart of the image separation is shown in Fig. 1 . Since the output CT image was a monochromatic gray image, the image was converted to the binary form. Before the separation step, image enhancement was carried out to remove the initial noises of the image using the median filter. This filter is used from an element that is moved on the gray image and is compared each pixel to its adjacent pixels and is replaced the median value instead of initial pixel. Fruits were then separated from the background using an appropriate thresholds based on Otsu's adaptive technique, [40] and whole surface of the fruits were determined by counting the white pixels of the resulting binary image. The optimal threshold value is lowest point between two peaks with greatest height in the image gray level histogram (Fig. 2) . The separation process is done by resetting the gray level value of all pixels which have lower gray level values than the optimal threshold value to zero, and the rest pixels to one. Larger dimension noises were removed by means of morphological operations which can eliminate or maintain the noises on the image according to their area size by the procedure of erosion and dilation. [41] Therefore, the morphological filtering function on noises in binary images was performed. In the next step, the areas that had been detected as the background were filled ( Fig. 3 ).
Removal of Background Pixels of the Original Image
Removal of background pixels is necessary before the image segmentation because background regions are not affected by the size or density of the fruit. For this purpose, the logical and operation between the binary image from the separation step and the original image was established. Thus, the numerical values of background pixels changed to zero value ( Fig. 4 ).
Image Segmentation of the Internal Components of Pomegranate Fruit
Image segmentation function used the gray level matrix to separate the internal components of the fruits (arils, peel, and seeds) and convert them into the binary form. This function selects two gray level values from the gray image and then converts one to zero (low) and another to one (high). Since each of the internal components of the fruits had a different density in all CT images, their gray level values were ranked in a specific range. The different steps of image segmentation for separating the internal components of the pomegranate fruit are shown in Fig. 5 . 
Feature Extraction
The features extracted from the CT images of pomegranate fruit were (1) whole surface area of the fruit, (2) arils surface area, (3) seeds surface area, and (4) peel surface area. A conversion factor from pixel to square millimeter was obtained from a calibration image. All surface areas were then converted into metric units. The juice vessel surface was computed by subtracting the arils and seed surfaces. Finally, volumes of different components were calculated considering the thickness of slices (0.625 mm) by following relation:
where, Vcp is the volume of each components (mm 3 ), S sa is summation of surface area of each components (mm 2 ), d is the constant thickness of slices (0.625 mm). A schematic block diagram of experimental setup was proposed in Fig. 6 .
Statistical Analysis
The data were analyzed by SPSS software (Version 16.1. SPSS Inc.). Relationship between actual parameters and corresponding estimated values from CT imaging was ascertained using regression analysis technique (Graphpad prism software, version 5.1) and the adequacy of the models was evaluated by means of coefficient of determination, R 2 that is the square of the Pearson correlation coefficient (R), given by Eq. 4, and root mean square of error (RMSE), given by Eq. 5.
In Eq. 4, x i is the experimental data, y i the obtained data from CT images, and n the number of experimental points and in Eq. 5, X obs,i is the observed values and X model,i the modeled values. The 95% prediction intervals for slope and intercept were computed for regression equations. Also, ANOVA on data was applied and the mean values were compared by Duncan post test.
RESULTS

Biophysical Parameters
Comparison of the mean values of FV, and fruit density (FD), arils volume (AV), arils density (AD), and arils percentage to fruit volume (APF); peel volume (PV), peel density (PD), and peel percentage to fruit volume (PPF); seeds volume (SV), seeds density (SD), and seeds percentage to fruit volume (SPF); juice volume (JV), juice density (JD), juice percentage to fruit volume (JPF), and juice percentage to arils volume (JPA); and seeds percentage to arils volume (SPA) are shown in Tables 1  and 2 .
Analysis of variance indicated that the fruit cultivar has a significant effect on variation of all internal biophysical components (p < 0.05). Also, the fruit size had significant effect on some components. Interaction between fruit cultivar and size indicated that values of FV, AV, PV, and density, peel percentage to FV, SV, JV, and density have increased for both cultivars by increasing in fruit size.
The lowest (239 cm 3 ) and the highest (255 cm 3 ) FV were observed in "RM" and "RT," respectively. However, FV of Iranian cultivars did not exceed 347 cm 3. [11, 42] Average FV of Tunisian pomegranates was reported between 87 and 590 cm 3, [43] while Shulman et al., [44] reported that variation of FV depend on the cultivar and ecological condition. Percentage of juice to FV of the studied pomegranate cultivars varied from 35.4% (RM) to 38.5% (RT) which agreed with the results reported by Fadavi et al. [1] Percentage of arils to FV varied between 44.4% for RM to 50.3% for RT. It was in the range of Iranian cultivars between 41.1 to 65% as reported by Tehranifar et al. [11] The SPF varied between 7.7% for RM and 9.0% for RT. The SPF for two Spanish cultivars varied from 6.1% for PTO2 to 9.7% for CRO1, while it was 5.4% for Italian Dente di Cavallo variety, [45] and 7.8% for Alandi. [46] It indicated these two cultivars have more seed as compared to foreign cultivars. Results in Table 2 indicated that although whole FV are not significantly different for both cultivars, RT yielded significant arils to fruit ratio and show the potential for the beverage industry. [47, 48] 
Whole Fruit and Its Internal Components Volume Estimation
The correlation between actual volume of whole and internal components of fruit, and corresponding estimated values from images were ascertained and the results of linear equations are shown in Tables 3, 4, and 5. It is obvious that more than 90% of variations in whole fruit actual volume have been explained by estimated one for both fruit cultivars and sizes. It was observed that the differences among mean density values of internal components have been decreased when the size of fruit reduced. On this basis, CT scanning could not distinctly separate internal constituents in produced images. Therefore, the value of coefficient of determination was decreased for small fruits as compared to bigger ones. Jiang et al., [16] reported important parameters that may affect the result of the adaptive segmentation procedure, are the size and density of the fruit. A typical plot of actual and predicted JV for Malas and Torsh cultivars is shown in Fig. 7 . Regression analysis indicated that equations of PV estimation are more accurate than other components equations (Tables 3, 4 , and 5).
DISCUSSION
The gray level values of the gray image pixels are the important parameters for segmentation of internal components of pomegranate fruit in CT imaging. These values are not universal for different cultivars and sizes of the fruit. Actually, these values are significantly affected by density of the Significant at 1% level of probability, and "ns" not significant, respectively. different components of the fruit. According to Lambert-Beer law (Eq. 6), the linear attenuation coefficient of the matter (μ) is dependent on density and X-ray intensity. [25] 
where, I is the X-ray intensity, I 0 is the initial intensity of X-ray, μ is the linear attenuation coefficient of the matter, and ρ is density of the matter. If the initial intensity of X-ray be constant, the X-ray intensity exponentially is decreased. This reduction is greater with increasing density and thus according to Eq. 2 the image tends to the white. In general, the segmentation function can separate the pixels that have placed between two thresholds (high and low) related to each of the components from CT images of the fruit. As shown in Fig. 8a , the CT image of a slice consists the sites of peel that the gray level values of pixels have placed between two threshold values including aril. Therefore, the segmentation function segmented all arils but in this case separated sites of peel as aril. The outcome of segmentation after applying thresholds is shown in Fig. 8b . In most cases, this function can successfully separate the internal components of pomegranate fruit from the CT images of fruit. When the gray levels of different components of the fruit have overlap together, segmentation function has some error. According to result of Tables 3 and 4 , it is clear that the coefficient of determination was decreased for small fruits. It could be due to more overlap of gray level values of different components in small fruits. [16] This result subsequently affected the separation of internal components of the fruit when the segmentation function is applied. Likewise, the coefficient of determination was decreased for RT cultivar. 
CONCLUSIONS
The result indicated that pomegranate fruit cultivar and size have significant effect on the most their internal component biophysical properties. It was found that RT possessed higher ratio of juice to FV. Also bigger fruits had more such ratio than smaller. X-ray images could suitably be used for segmentation of internal components of pomegranate fruit. Regression analysis for volume estimation of the whole and internal components of pomegranate fruit indicated that CT scans as a non-destructive method could suitably estimate the JV content of the pomegranate fruits. This method can be used by pomegranate juice processing industries for quality control of purchased batches.
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